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(57) ABSTRACT

A method for transmitting data from a downhole location to a
location at the surface of the earth includes determining a
minimum value and a maximum value of M-samples of data
values, determining a keycode for the M-samples of data
values that provides an indication of the maximum and mini-
mum values of the M-samples, and encoding the keycode and
the data values into one or more encoded words. The one or
more encoded words are then transmitted as an acoustic sig-
nal in drilling fluid by modulating a mud-pulser. The acoustic
signal is received by a transducer uphole from the mud-pulser
and converted into an electrical signal. The electrical signal is
demodulated into a received encoded word, which is decom-
pressed into the M-samples in accordance with the keycode.
The M-samples are then received by a computer processing
system disposed as the surface of the earth.
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M~ Performing measurements downhole using a downhole sensor to
provide data values

22 ] Transmitting the data values to a downhole data buffer

A 4

23~ Querying the buffer for M-samples of the data values using an
encoder that receives the M-samples

A

24—~ Determining @ minimum value and a maximum value of the M-
samples using the encoder

A

20
25— Determining a keycode for the M-samples using a processor, the >
keycode comprising an indication of the maximum and minimum

values of the M-samples

26 ‘
T~ Encoding the keycode and the data values of the M-samples into one
or more encoded words using the encoder, each encoded word
comprising the keycode

y
Modulating a mud-pulser with a modulator to transmit the one or more
encoded words as an acoustic signal in drilling fluid

27—

v

28— Receiving the acoustic signal uphole from the mud-pulser using a
transducer that converts the acoustic signal into an electrical signal D

|

Continued In FIG. 2B

FIG. 2A
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29— Demodulating the electrical signal using a demodulator into a received )
encoded word
30— Decompressing the received encoded word into the M-samples in
accordance with the keycode using a decoder > 20
A 4
31~—_| Receiving the M-samples from the decompressor using a computer
processing system disposed at the surface of the earth )

FIG. 2B
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< - - ENCODED WORD is N+2 Bits Wid - - >
2-bits <—---- -- ---§-Bits -- - -
KEY MAXIMUM OR MINIMUM OR DIFFMINMAY OR COMPRESSED DATA
00 DIFFERENCE MIN +/- 2" (N/2-1)-1)* MULT DIFFERENCE MAX +/- (2*(N/2-1)-1) * MULT DIFFMINMAX
o1 CPl M-sScaled (N/M) bit integers using Min(Low)  Max(High), and 2% (N/M)(Scale) CPM COMPRESSED
CPl...CPM are concatenated to form an N-Bit Integer DATA
10 ‘ SCALED N-Bit Integer encoded using K1 (Low) ,K2 (High) and 2*N (Scale) ‘ MINIMUM
11 ‘ SCALED N-Bit Integer encoded using K1 (Low) K2 (High) and 2*N (Scale) ‘ MAXTMUM

FIG. 3
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Pressure KeyCode Value ~ ENCODEDescription Min Max Decoded

7146.0 2 7146.0 36341 Minimum 7146.0 7148.0 7146.0
71462 3 7147.7 52726  Maximum 7146.0 7148.0 7146.0
7146.1 0 116 Compressed 7146.0 7148.0 7146.0

< 7146.9 7146.0 7148.0 7146.7
7147.7 7146.0 7148.0 7148.0
7146.4 7146.0 71480 7146.7

| 7146.1 7146.0 7148.0 7146.0
71462 1 -1/-1 24769  DiffMinMax7145.0 7147.0 71463
71454 0 9974 Compresscd 7145.0  7147.0 7145.7
7146.0 7145.0 7147.0 7146.3

9 7147.2 7145.0 7147.0 7147.0
7146.7 7145.0 7147.0 71470
7145.9 7145.0 71470 71457

| 7146.0 7145.0 7147.0 7146.3
7146.0 0 8651.0 Compressed 7145.0 7147.0 71463
7145.3 7145.0 7147.0 71450

n - 7145.6 7145.0 7147.0 71457
71471 7145.0 71470 71470
7145.2 7145.0 7147.0 71450

L 7146.5 7145.0 7147.0 71463

FIG. 4



US 2016/0290128 Al

COMPRESSED TELEMETRY FOR TIME
SERIES DOWNHOLE DATA USING
VARIABLE SCALING AND GROUPED
WORDS

BACKGROUND

[0001] Boreholes are drilled into the earth for many appli-
cations such as hydrocarbon production, geothermal produc-
tion, and carbon dioxide sequestration. In order to efficiently
use expensive resources drilling the boreholes, it is important
for analysts to acquire detailed information related to the
geologic formations being drilled.

[0002] Various types of tools referred to as downhole tools
may be conveyed through the boreholes to perform various
types of measurements to provide the analysts with the
needed information. In order to make efficient use of drilling
time, some downhole tools may be disposed on a drill string
drilling a borehole so that measurements can be performed
while the borehole is being drilled. These types of measure-
ments may be referred to a logging-while-drilling or mea-
surement-while-drilling.

[0003] Once the measurements are obtained, they can be
transmitted by telemetry to a receiver at the surface of the
earth so that they can be made quickly available to the ana-
lysts without having to remove the drill string from the bore-
hole. One type of telemetry for while-drilling applications is
mud-pulse telemetry. In mud-pulse telemetry, downhole data
is encoded into a digital format and transmitted by acoustic
pulses in drilling mud filling the borehole or interior of the
drill string. However, mud-pulse telemetry in general is lim-
ited to a fixed number of bits that may be transmitted to the
surface per second. In that it is desired to transmit as much
data to the surface as possible in the shortest amount of time,
it would be appreciated in the drilling industry if method and
apparatus were developed to increase the effective data trans-
mission rate using available mud-pulse telemetry data rates.

BRIEF SUMMARY

[0004] Disclosed is a method for transmitting data from a
downhole location to a location at the surface of the earth. The
method includes: transmitting the data values to a downhole
microprocessor-controlled buffer; querying the buffer for
M-samples of the data values using an encoder that receives
the M-samples; determining a minimum value and a maxi-
mum value of the M-samples using the encoder; determining
a keycode for the M-samples that provides an indication of
the maximum and minimum values of the M-samples using
the encoder; encoding the keycode and the data values of the
M-samples into one or more encoded words using the
encoder; modulating a mud-pulser with a modulator to trans-
mit the one or more encoded words as an acoustic signal in
drilling fluid; receiving the acoustic signal uphole from the
mud-pulser using a transducer that converts the acoustic sig-
nal into an electrical signal; demodulating the electrical sig-
nal using a demodulator into a received encoded word;
decompressing the received encoded word into the
M-samples in accordance with the keycode using a decoder;
and receiving the M-samples from the decompressor using a
computer processing system disposed at the surface of the
earth.

[0005] Also disclosed is a method for transmitting data
from a downhole location to a location at the surface of the
earth. The method includes: performing downhole measure-

Oct. 6, 2016

ments using a downhole sensor that provides values of the
measurements as data values; transmitting the data values to
a downhole microprocessor-controlled buffer; querying the
buffer for M-samples of the data values using an encoder that
receives the M-samples; determining a minimum value and a
maximum value of the M-samples using the encoder; deter-
mining a keycode for the M-samples that provides an indica-
tion of the maximum and minimum values of the M-samples
using the encoder; encoding the keycode and the data values
of the M-samples into one or more encoded words using the
encoder, wherein encoding comprises using the following
equation: CP[?]=INT(((VALUE[?]-MINIMUM)/(MAXI-
MUM-MINIMUM))*(2"N-1)) where N=a number of bits in
an encoded word; modulating a mud-pulser with a modulator
to transmit the one or more encoded words as an acoustic
signal in drilling fluid; receiving the acoustic signal uphole
from the mud-pulser using a transducer that converts the
acoustic signal into an electrical signal; demodulating the
electrical signal using a demodulator into a received encoded
word; decompressing the received encoded word into the
M-samples in accordance with the keycode using a decoder;
receiving the M-samples from the decompressor using a com-
puter processing system disposed at the surface of the earth;
assigning a time to the M-samples at which they were
received by the computer processing system; assigning a
depth to the M-samples at which the M-samples were
obtained; receiving current M-samples that immediately fol-
low previous M-samples; calculating a difference between at
least one of (a) a previous maximum value of the preceding
M-samples and a present minimum value of the current
M-samples and (b) a previous maximum value of the preced-
ing M-samples and a present maximum value of the current
M-samples; encoding the data values of the current
M-samples with no indication of the previous minimum or
maximum values changing if the difference is zero; encoding
the data values of the current M-samples and the calculated
difference between at least one of the minimum and maxi-
mum values if the calculated difference is a small change,
wherein the small change is represented by a fewer number of
bits than would be required to represent the actual minimum
and maximum values of the M-samples; and encoding the
data values of the current M-samples and the values of the
current minimum value and the current maximum value if the
calculated difference is a large change.

[0006] Further disclosed is an apparatus for transmitting
data from a downhole location to a location at the surface of
the earth. The apparatus includes: a downhole microproces-
sor-controlled buffer configured to receive transmitted data
values; an encoder configured to (a) receive M-samples of the
data values upon querying the buffer for the M-samples, (b)
determine a minimum value and a maximum value of the
M-samples, (c) determine a keycode for the M-samples that
provides an indication of the maximum and minimum values
of'the M-samples using the encoder, and (d) encode the key-
code and the data values of the M-samples into one or more
encoded words using the encoder; a modulator coupled to a
mud-pulser and configured to modulate the mud-pulser to
transmit the one or more encoded words as an acoustic signal
in drilling fluid; a transducer configured to receive the acous-
tic signal uphole from the mud-pulser and to convert the
acoustic signal into an electrical signal; a demodulator con-
figured to demodulate the electrical signal into an encoded
word; a decoder configured to decompress the encoded word
into the M-samples in accordance with the keycode; and a
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computer processing system disposed at the surface of the
earth and configured to receive the M-samples from the
decoder.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The following descriptions should not be consid-
ered limiting in any way. With reference to the accompanying
drawings, like elements are numbered alike:

[0008] FIG. 1 illustrates a cross-sectional view of an
embodiment of a downhole while-drilling tool disposed in a
borehole penetrating the earth;

[0009] FIGS. 2A and 2B, collectively referred to as FIG. 2,
are a flow chart for a method for transmitting data from a
downhole location on a drill string to a location at the surface
of the earth;

[0010] FIG. 3 depicts aspects of one embodiment of
encoded words for transmission by mud-pulse telemetry; and
[0011] FIG. 4 depicts aspects of transmitting data using
different keycodes for encoding the data.

DETAILED DESCRIPTION

[0012] A detailed description of one or more embodiments
of the disclosed apparatus and method presented herein by
way of exemplification and not limitation with reference to
the figures.

[0013] Disclosed are method and apparatus for transmitting
data from a downhole tool disposed on a drill string to a
receiver at the surface of the earth using mud-pulse telemetry.
The method and apparatus call for transmitting a series of
encoded words that are needed to compress a fixed set of
time-series values of the same sensor measurement. Each
encoded word may begin with a one, two or three bitkeycode,
which is used to identify the type of information that is
encoded in the word. The rest of the encoded word is one or
more scaled integer values, which are concatenated together
to encode the information using a separate algorithm for each
unique value of the keycode. In general, the keycodes used
will be able to encode the Dynamic Range (e.g., Dynamic
Minima, Dynamic Maxima), Relative Range (e.g., Delta
Minima, Delta Maxima) and a fixed number of compressed
words. In this manner, the transmitted data using a fixed
number of bits can have better resolution using the Dynamic
Range (e.g., Dynamic Minima, Dynamic Maxima) of the
fixed set of data than if the same fixed number of bits had been
used to transmit the same as individual values using a larger
overall fixed range (i.e., Fixed Minima, Fixed Maxima).
Because bandwidth (e.g., a number of bits/second) to transmit
unnecessary data (i.e., bits to cover from zero to the minimum
value and bits to cover above the maximum value) is not
needed, more data can be transmitted using the same physical
baud rate (bits/second) due to variable scaling of the data
values in accordance with the minimum and maximum values
transmitted in the encoded word. The data transfer rate may
be further increased by not transmitting the maximum and
minimum values with each group of data realizing that in
certain well logging conditions the data values may not vary
much or at all within the previously transmitted maximum
and minimum values. Hence, the indicator of the maximum
and minimum values of the data in the group need only be
transmitted when the maximum and minimum values of the
data values change.

[0014] FIG. 1 illustrates a cross-sectional view of an
embodiment of a downhole tool 10 disposed in a borehole 2

Oct. 6, 2016

penetrating the earth 3, which includes an earth formation 4.
The downhole tool 10 is conveyed through the borehole 2 by
a drill tubular 5 such as jointed drill pipe or coiled tubing for
example. A drill bit 6 is disposed at the distal end of the drill
tubular 5. A drill rig 7 is configured to conduct drilling opera-
tions such as rotating the drill tubular 5 and thus the drill bit 6
in order to drill the borehole 2. In addition, the drill rig 7 is
configured to pump drilling fluid 9, also referred to as drilling
mud, through the drill tubular 5 in order to lubricate the drill
bit 6 and flush cuttings from the borehole 2. The downhole
tool 10 may include one or more various sensors 8 spaced
along the borehole 2. Each sensor 8 may be configured to
sense various downhole properties such a borehole property,
a formation property or a tool property. Non-limiting
examples of the sensor measurements include pressure, tem-
perature, acceleration, density, porosity, acoustic, viscosity,
compressibility, radiation, resistivity, nuclear magnetic reso-
nance (NMR), and spectroscopy using optical transmissivity
or reflectivity for example. Each sensor has a position in the
drill string called a “sensor offset” which is used to assign
depth. A time versus depth relationship is kept for the drill bit
and the position of each sensor can be computed from the time
of the measurement, the depth of the bit and the “sensor
offset” of the measurement.

[0015] Data collected downhole or sensed by the sensor 8
(i.e., measurement values or data values) is received by a data
buffer 16 for temporarily storing measurements that cannot
be immediately transmitted to a receiver 17 because of lim-
ited telemetry bandwidth. The buffer 16 may be implemented
by a micro-processor controlled device to operate on a first-in
first-out (FIFO) basis in response to a query. An encoder 15,
which may be micro-processor controlled, is configured to
receive data from the buffer 16 in response to a query from the
encoder 15. In one or more embodiments, the data is a number
(M) of measurement values, herein referred to as M-samples.
The encoder 15 is also configured to (a) determine a minimum
value and a maximum value of the M-samples, (b) attach a
keycode to the M-samples that provides an indication of the
maximum and minimum values of the M-samples, and (c)
compress the keycode and the data values of the M-samples
into one group of words (such as one series of bits). Com-
pressing the data values of the M-samples includes scaling the
data values based on the difference between the maximum
and minimum values of the M-samples into smaller number
of N-bits for each sample where N is evenly divided into M.
The M N-bit values are then concatenated together and a
compressed keycode is appended to the beginning of the M
N-bit values.

[0016] A modulator 14 receives the one group of words and
is configured to modulate the one group of words in accor-
dance with a digital modulation scheme such as phase shift
keying. Phase shift keying conveys data by changing, or
modulating, the phase of a reference signal (the carrier wave).
The modulation is applied to a mud-pulser 12, which is con-
figured to transmit the modulation of the one group of words
as an acoustic signal in drilling fluid 9. The mud-pulser 12 is
configured to momentarily interrupt the flow of the drilling
fluid 9 thereby generating an acoustic pulse that travels to the
surface of the borehole 2. Non-limiting embodiments of the
mud-pulser 12 include a plunger-type valve and a shear-type
valve. In that mud-pulsers are known in the art, they are not
discussed in further detail. A power supply 51 such as a
battery or mud turbine powered generator for example sup-
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plies power for operation of the mud-pulser 12. At the surface,
the acoustic signal is received by the receiver 17.

[0017] The receiver 17 at the surface includes a transducer
18, a demodulator 19, and a decoder 11. The transducer 18 is
configured to convert the received acoustic signal into an
electrical signal that can be processed. The demodulator 19 is
configured to demodulate the electrical signal received by the
transducer 18 in accordance with the selected digital modu-
lation scheme to provide an encoded word that includes the
downhole data values. The encoded word is then decoded by
adecoder 11, which is configured to decompress the encoded
word into the M-samples in accordance with the keycode
prefix atthe beginning of each encoded word. Decompressing
the encoded word relates to unscaling the encoded data values
based upon the difference between the maximum and mini-
mum values of the M-samples. The decoder 11 provides a bit
stream that represents the downhole data values. A surface
computer processing system 13 is configured to receive the
bit stream in order to extract the transmitted downhole data
values and put this data in a format that can be displayed to be
used by a display or printer as non-limiting examples and/or
stored in memory or a storage medium for future use. It can be
appreciated that the functions of the demodulator and the
decoder may be implemented by the computer processing
system 13.

[0018] FIG.2 is a flow chart for a simplified method 20 for
transmitting data from a downhole location to alocation at the
surface of the earth. Block 21 calls for performing measure-
ments downhole using a downhole sensor. The measurements
provide values of the measurements, which may in general be
referred to as data values. Block 22 calls for transmitting the
data values to a downhole data buffer. Block 23 calls for
querying (i.e., requesting the buffer to send) the buffer for
M-samples of the data values using an encoder that receives
the M-samples. Block 24 calls for determining a minimum
value and a maximum value of the M-samples using the
encoder. Block 25 calls for determining a keycode for the
M-samples using a processor, where the keycode provides an
indication of the maximum and minimum values of the
M-samples. Block 25 may also include comparing previously
computed minimum and maximum values with current mini-
mum and maximum values and determining whether to send
the minimum and maximum values, the relative change in the
minimum and maximum values, or no change at all to the
minimum and maximum values. Block 25 may include com-
paring the new Minimum and Maximum against the previous
Minimum and Maximum and determining the appropriate
number of encoded words that will be needed to encode the
M-Samples. For example: Large Change in Min/
Max=MINIMUM+MAXIMUM+COMPRESSED  DATA
(Three words); Small Change in Min/Max=DIFFMINMAX+
COMPRESSED DATA (Two Words); No Change in Min/
Max=COMPRESSED DATA (One Word, max compres-
sion).

[0019] Block 26 calls for encoding the keycode and the data
values of the M-samples into one or more encoded words
such as a group of words (or one series of bits) using the
encoder. For example, the M-Samples may be encoded into
1,2 or 3 Encoded Words depending on the change in Mini-
mum and Maximum (1 word=No Change in Min/Max, 2
words=Small Change in Min/Max, 3 words=[_arge Change in
Min/Max). FIG. 3 illustrates one embodiment of the one to
three encoded words used to encode the M-samples as one
group of words. In this embodiment, two bits are used for the
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keycode and N-bits are used to compress the M-samples of
data, provide the differential minimum and maximum, pro-
vide the minimum value of the M-samples, or provide the
maximum value of the M-samples depending on the keycode.
In alternative embodiments, one or more than two bits can be
used for the keycode. The MULT is a predetermined value
that sets the limit of the small differential change that can be
encoded. If N=14, then the small difference that can be
encoded is a change of +/-63 times the MULT. The MULT is
generally the resolution of the N-Bit word divided by 2 to a
power. Each power 0of 2 above zero improves the resolution by
1 bit (0=14 bit, 1=15 bit, 2=16 bit, etc.) but reduces the small
difference that can be encoded in the DIFFMINMAX word.
Several sensor measurements can be multiplexed in the
telemetry and each can have a unique ENCODED WORD
with its own WORD NAME, K1 (Low), K2 (High), N, Scale
(2'N), M, KEYBITS and MULT.

[0020] Referring back to FIG. 2, Block 27 calls for modu-
lating a mud-pulser with a modulator to transmit each
encoded word as an acoustic signal in drilling fluid. Block 28
calls for receiving the acoustic signal uphole from the mud-
pulser using a transducer that converts the acoustic signal into
an electrical signal. The term “uphole” relates to being closer
to the surface via the borehole. Block 29 calls for demodu-
lating the electrical signal using a demodulator into a received
encoded word. Block 30 calls for decompressing the one or
more received encoded words into the M-samples in accor-
dance with the keycode using a decoder. Decompressing may
also include adjusting the received M-samples in accordance
with the minimum and maximum values and un-scaling the
M-samples when an encoded word includes compressed data.
In one or more embodiments, the decompressed M-samples
are digital data values that are measured from zero such as the
data values provided by the downhole sensor. Block 31 calls
for receiving the M-samples from the decompressor using a
computer processing system disposed at the surface of the
earth. Block 31 may also include assigning a time to the
M-samples at which they were received and/or assigning a
depth at which the M-samples were obtained. Depth infor-
mation may be provided by surface equipment (not shown)
that monitors the depth of the borehole. Block 31 may also
include storing the M-samples (i.e., the values of each of the
M-samples) in memory or a storage medium and/or display-
ing values of each of the M-samples to a user using a user
interface such as a display or a printer.

[0021] As discussed above, the downhole tool 10 can
include a plurality of sensors 8. The method 20 can accom-
modate the plurality of sensors 8 by assigning a unique name
sensor to each encoded word that identifies the sensor pro-
viding the data.

[0022] Further aspects of embedding the keycode in an
encoded word are now discussed. It can be appreciated by one
ordinary skill in the art that the keycode may be part of each
encoded word. Each of the M-Samples is a series of integer
numbers (encoded words) which use either 1, 2 or 3 words,
for example, to encode both the minimum, maximum and
compressed M-samples of data. An example of all three types
is illustrate in F1G. 4 where Group [ is the initial transmission
where both Min, Max and compressed data must be fully
encoded, Group II is a small change (-1,-1) in min/max and
compressed data, and Group 11 is no change (0,0) in min/max
and only compressed data is encoded. The numbers in the
Encoded WORD column (36341, 52726,116,24769,9974
and 8651) encode 21 pressure values in 6 WORDS/12 bytes
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or 96 bits with a resolution of <1 psi (the four Keycodes are
embedded in each number). The encoding in one or more
embodiments is performed in accordance with an algorithm
discussed further below. The bit pattern for the first 6 words is
(1000110111110101, 1100110111110110,
0000000001110100, 0110000011000001,
0010011011110110, 0010000111001011).

[0023] Furtheraspects of the downhole encoder 15 are now
discussed. When the encoder receives the M-samples, the
values of the M-Samples (VALUE[1..M]) are measured and
the minimum and maximum values are determined. The
minimum and maximum values are compared against the
current minimum and maximum values. If there is a small
change (i.e., the corresponding difference is small or below a
threshold value), then the difference between the current and
immediate previous minimum values and/or the difference
between the current and immediate previous maximum val-
ues are sent as an encoded word with one keycode and the
M-samples are sent as a second encoded word with a different
keycode. If there is a large change (i.e., the corresponding
difference is large or exceeds a threshold value), then an
encoded word for the maximum, an encoded word for the
minimum, and an encoded for the M-samples are transmitted
as one series of bits. One factor in determining a threshold
value used to quantify if a change in minimum and/or maxi-
mum values is small or large is the size of the word (i.e., small
word) needed to encode a small difference versus the size of
the word (i.e., large word that is larger than the small word)
needed to transmit the actual minimum and maximum values.
Hence, if two small words can be sent to quantify the differ-
ence(s), then the data can be transmitted faster than if a large
word was needed to fully encode the minimum and maxi-
mum. If there was no minimum and/or maximum value pre-
viously sent, then the minimum and maximum values must be
encoded as two encoded words with the M-samples encoded
as a third encoded word. A large change (e.g., a hardcoded
fixed value) in either the Minimum or Maximum is a change
that cannot be encoded using half of the encoded word bits.
Conversely, a small change is a change that can be encoded
using half of the encoded word bits necessary to encode the
actual minimum and maximum values. Alternatively, in one
or more embodiments, a small change is any change that can
be encoded using a fewer number of bits than that needed to
encode the actual minimum and maximum values.

[0024] Using the current minimum and maximum values,
the encoder calculates M-compressed N-bit data words—CP
[21=INT(((VALUE[?]-MINIMUM)/(MAXIMUM-MINI-
MUM))*(2"N-1)) and encodes the compressed words by
concatenating all the N-bit data words together using COM-
PRESSKEY+CP[1] ... CP[M] into a single encoded word.

[0025] Further aspects of the surface decoder 11 are now
discussed. The decoder receives an encoded word from the
demodulator and separates the encoded word into keycode
and data. IF KEYCODE=MAXKEY, then unscale data into
maximum. IF KEYCODE=MINKEY, then unscale data into
minimum. IF KEYCODE=MINMAXKEY, then convert data
into DIFFMIN and DIFFMAX where
MINIMUM p g g znr=MINIMUM oz 2r700s+ DIFFMIN - and
MAXIMUM ¢z rzn=MAXIMUM oz yr00stDIFFMAX.
IF KEYCODE=COMPRESSKEY, then parse data into M
N-bit values (CP[1] . . . CP[M]) FOR I=1 TO M where
VALUE[I]=(CP[1]/(2"N-1))*(MAXIMUM-MINIMUM )+
MINIMUM.
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[0026] Thedecoderand/orthe surface computer processing
system may assign a time when each VALUE] | was received,
assign a depth at which each VALUE[I] was obtained, and
store the time, depth and corresponding VALUE([I].

[0027] In support of the teachings herein, various analysis
components may be used, including a digital and/or an analog
system. For example, the downhole sensor 8, the downhole
tool 10, the mud-pulser 12, the data buffer 16, the modulator
14, the encoder 15, the surface computer processing system
13, the receiver 17, the transducer 18, the demodulator 19,
and/or the decoder 11, may include digital and/or analog
systems. The system may have components such as a proces-
sor, storage media, memory, input, output, communications
link (wired, wireless, optical or other), user interfaces (e.g., a
display or printer), software programs, signal processors
(digital or analog) and other such components (such as resis-
tors, capacitors, inductors and others) to provide for operation
and analyses of the apparatus and methods disclosed herein in
any of several manners well-appreciated in the art. It is con-
sidered that these teachings may be, but need not be, imple-
mented in conjunction with a set of computer executable
instructions stored on a non-transitory computer readable
medium, including memory (ROMs, RAMs), optical (CD-
ROMs), or magnetic (disks, hard drives), or any other type
that when executed causes a computer to implement the
method of the present invention. These instructions may pro-
vide for equipment operation, control, data collection and
analysis and other functions deemed relevant by a system
designer, owner, user or other such personnel, in addition to
the functions described in this disclosure.

[0028] Further, various other components may be included
and called upon for providing for aspects of the teachings
herein. For example, a power supply (e.g., at least one of a
generator, a remote supply and a battery), cooling compo-
nent, heating component, magnet, electromagnet, sensor,
electrode, transmitter, receiver, transceiver, antenna, control-
ler, optical unit, electrical unit or electromechanical unit may
be included in support of the various aspects discussed herein
or in support of other functions beyond this disclosure.

[0029] Elements of the embodiments have been introduced
with either the articles “a” or “an.”” The articles are intended to
mean that there are one or more of the elements. The terms
“including” and “having” and the like are intended to be
inclusive such that there may be additional elements other
than the elements listed. The conjunction “or” when used
with a list of at least two terms is intended to mean any term
orcombination ofterms. The term “configured” relates one or
more structural limitations of a device that are required for the
device to perform the function or operation for which the
device is configured. The term “coupled” relates to one com-
ponent being coupled to another component either directly or
indirectly through an intermediate component.

[0030] The flow diagram depicted herein is just an
example. There may be many variations to this diagram or the
steps (or operations) described therein without departing
from the spirit of the invention. For instance, the steps may be
performed in a differing order, or steps may be added, deleted
ormodified. All ofthese variations are considered a part of the
claimed invention.

[0031] While one or more embodiments have been shown
and described, modifications and substitutions may be made
thereto without departing from the spirit and scope of the
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invention. Accordingly, it is to be understood that the present
invention has been described by way of illustrations and not
limitation.

[0032] Itwill be recognized that the various components or
technologies may provide certain necessary or beneficial
functionality or features. Accordingly, these functions and
features as may be needed in support of the appended claims
and variations thereof, are recognized as being inherently
included as a part of the teachings herein and a part of the
invention disclosed.

[0033] While the invention has been described with refer-
ence to exemplary embodiments, it will be understood that
various changes may be made and equivalents may be sub-
stituted for elements thereof without departing from the scope
of the invention. In addition, many modifications will be
appreciated to adapt a particular instrument, situation or
material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended that
the invention not be limited to the particular embodiment
disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments
falling within the scope of the appended claims.

What is claimed is:

1. A method for transmitting data from a downhole location
to a location at the surface of the earth, the method compris-
ing:

transmitting the data values to a downhole microprocessor-

controlled buffer;

querying the buffer for M-samples of the data values using

an encoder that receives the M-samples;
determining a minimum value and a maximum value of the
M-samples using the encoder;

determining a keycode for the M-samples that provides an
indication of the maximum and minimum values of the
M-samples using the encoder;

encoding thekeycode and the data values of the M-samples
into one or more encoded words using the encoder;

modulating a mud-pulser with a modulator to transmit the
one or more encoded words as an acoustic signal in
drilling fluid;

receiving the acoustic signal uphole from the mud-puller

using a transducer that converts the acoustic signal into
an electrical signal;

demodulating the electrical signal using a demodulator

into a received encoded word;

decompressing the received encoded word into the

M-samples in accordance with the keycode using a
decoder; and

receiving the M-samples from the decompressor using a

computer processing system disposed at the surface of
the earth.

2. The method according to claim 1, wherein further com-
prising performing a downhole measurement using a down-
hole sensor that provides values of the measurements as the
data values.

3. The method according to claim 1, further comprising
assigning a time to the M-samples at which they were
received by the computer processing system.

4. The method according to claim 1, further comprising
assigning a depth to the M-samples at which the M-samples
were obtained.

5. The method according to claim 1, further comprising
storing values of the M-samples in memory or a storage
medium.
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6. The method according to claim 1, further comprising
displaying values of each of the M-samples to a user using a
user interface such as a display or a printer.

7. The method according to claim 1, further wherein the
keycode comprises at least one of a maximum value of the
M-samples and a minimum value of the M-samples.

8. The method according to claim 1, further comprising:

receiving current M-samples that immediately follow pre-

vious M-samples;
calculating a difference between at least one of (a) a pre-
vious maximum value ofthe preceding M-samples and a
present minimum value of the current M-samples and
(b) a previous maximum value of the preceding
M-samples and a present maximum value of the current
M-samples;

encoding the data values of the current M-samples with no
indication of the previous minimum or maximum values
changing if the difference is zero;

encoding the data values of the current M-samples and the

calculated difference between at least one of the mini-
mum and maximum values if the calculated difference is
a small change, wherein the small change is represented
by a fewer number of bits than would be required to
represent the actual minimum and maximum values of
the M-samples; and

encoding the data values of the current M-samples and the

values of the current minimum value and the current
maximum value if the calculated difference is a large
change.

9. The method according to claim 1, wherein the data
values are transmitted by a plurality of sensors disposed at the
downhole location, and the method further comprises label-
ling each encoded word with a label corresponding to the
downhole sensor providing the data encoded in the word
using the encoder.

10. The method according to claim 1, wherein the keycode
is encoded using one, two or three bits.

11. The method according to claim 1, wherein encoding
comprises using the following equation:

CP[?]=INT(((VALUE[?]-MINIMUM)/(MAXI-
MUM-MINIMUM))*(2"N-1))

where N=a number of bits in an encoded word.

12. A method for transmitting data from a downhole loca-
tion to a location at the surface of the earth, the method
comprising:

performing downhole measurements using a downhole

sensor that provides values of the measurements as data
values;

transmitting the data values to a downhole microprocessor-

controlled buffer;

querying the buffer for M-samples of the data values using

an encoder that receives the M-samples;
determining a minimum value and a maximum value of the
M-samples using the encoder;

determining a keycode for the M-samples that provides an
indication of the maximum and minimum values of the
M-samples using the encoder;

encoding the keycode and the data values of the M-samples
into one or more encoded words using the encoder,
wherein encoding comprises using the following equa-
tion:

CP[?]=INT(((VALUE[?]-MINIMUM)/(MAXI-
MUM-MINIMUM))*(2"N-1))
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where N=a number of bits in an encoded word;

modulating a mud-pulser with a modulator to transmit the

one or more encoded words as an acoustic signal in
drilling fluid;

receiving the acoustic signal uphole from the mud-puller

using a transducer that converts the acoustic signal into
an electrical signal;

demodulating the electrical signal using a demodulator

into a received encoded word;

decompressing the received encoded word into the

M-samples in accordance with the keycode using a
decoder;

receiving the M-samples from the decompressor using a

computer processing system disposed at the surface of
the earth;

assigning a time to the M-samples at which they were

received by the computer processing system;

assigning a depth to the M-samples at which the

M-samples were obtained;

receiving current M-samples that immediately follow pre-

vious M-samples;
calculating a difference between at least one of (a) a pre-
vious maximum value of the preceding M-samples and a
present minimum value of the current M-samples and
(b) a previous maximum value of the preceding
M-samples and a present maximum value of the current
M-samples;

encoding the data values of the current M-samples with no
indication of the previous minimum or maximum values
changing if the difference is zero;

encoding the data values of the current M-samples and the

calculated difference between at least one of the mini-
mum and maximum values if the calculated difference is
a small change, wherein the small change is represented
by a fewer number of bits than would be required to
represent the actual minimum and maximum values of
the M-samples; and

encoding the data values of the current M-samples and the

values of the current minimum value and the current
maximum value if the calculated difference is a large
change.

13. An apparatus for transmitting data from a downhole
location to a location at the surface of the earth, the apparatus
comprising:

a downhole microprocessor-controlled buffer configured

to receive transmitted data values;

an encoder configured to (a) receive M-samples of the data

values upon querying the buffer for the M-samples, (b)
determine a minimum value and a maximum value of the
M-samples, (c) determine a keycode for the M-samples
that provides an indication of the maximum and mini-
mum values of the M-samples using the encoder, and (d)
encode the keycode and the data values of the
M-samples into one or more encoded words using the
encoder;

a modulator coupled to a mud-pulser and configured to

modulate the mud-pulser to transmit the one or more
encoded words as an acoustic signal in drilling fluid;

Oct. 6, 2016

a transducer configured to receive the acoustic signal
uphole from the mud-pulser and to convert the acoustic
signal into an electrical signal;

a demodulator configured to demodulate the electrical sig-
nal into an encoded word;

a decoder configured to decompress the encoded word into
the M-samples in accordance with the keycode; and

a computer processing system disposed at the surface of the
earth and configured to receive the M-samples from the
decoder.

14. The apparatus according to claim 13, further compris-
ing a downhole sensor configured to perform a downhole
measurement that provides values of the measurements as the
data values.

15. The apparatus according to claim 14, wherein the
downhole sensor comprises a plurality of downhole sensors,
and the encoder is configured to label each encoded word with
a label corresponding to the downhole sensor providing the
data encoded in the word using the encoder.

16. The apparatus according to claim 13, wherein the com-
puter processing system is configured to assign a time to the
M-samples at which they were received by the computer
processing system.

17. The apparatus according to claim 13, wherein the com-
puter processing system is configured to assign a depth to the
M-samples at which the M-samples were obtained.

18. The apparatus according to claim 13, wherein the
encoder is further configured to:

receive current M-samples that immediately follow previ-
ous M-samples;

calculate a difference between at least one of (a) a previous
maximum value of the preceding M-samples and a
present minimum value of the current M-samples and
(b) a previous maximum value of the preceding
M-samples and a present maximum value of the current
M-samples;

encode the data values of the current M-samples with no
indication of the previous minimum or maximum values
changing if the difference is zero;

encode the data values of the current M-samples and the
calculated difference between at least one of the mini-
mum and maximum values if the calculated difference is
a small change, wherein the small change is represented
by a fewer number of bits than would be required to
represent the actual minimum and maximum values of
the M-samples; and

encode the data values of the current M-samples and the
values of the current minimum value and the current
maximum value if the calculated difference is a large
change.

19. The apparatus according to claim 13, further compris-
ing a user interface configured to display received data at the
surface of the earth to a user.

20. The apparatus according to claim 13, further compris-
ing a storage medium configured to store data received at the
surface of the earth.

21. The apparatus according to claim 13, wherein the
encoder is further configured to use the following equation:

CP[?]=INT(((VALUE[?]-MINIMUM)/(MAXI-
MUM-MINIMUM))*(2"N-1))

where N=a number of bits in each encoded word.
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